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A. Data Sheets Sensor Ultrasonik 

 
The purpose of this file is to explain how the HC­SR04 works. 

It will give a brief explanation of how ultrasonic sensors work in general. 

It will also explain how to wire the sensor up to a microcontroller and 

how to take/interpret readings. It will also discuss some sources of errors 

and bad readings.  

1. How Ultrasonic Sensors Work  

2. HC­SR04 Specifications  

3. Timing chart, Pin explanations and Taking 

Distance Measurements  

4. Wiring HC­SR04 with a microcontroller  

5. Errors and Bad Readings  

 

1. How Ultrasonic Sensors Work  

Ultrasonic sensors use sound to determine the distance between 

the sensor and the closest object in its path. How do ultrasonic sensors 

do this? Ultrasonic sensors are essentially sound sensors, but they operate 

at a frequency above human hearing.   

 

The sensor sends out a sound wave at a specific frequency. It then listens 

for that specific sound wave to bounce off of an object and come back 

(Figure 1). The sensor keeps track of the time between sending the sound 

wave and the sound wave returning. If you know how fast something is 

going and how long it is traveling you can find the distance traveled with 

equation 1.  



Equation 1.  d = v × t  

 

The speed of sound can be calculated based on the a variety of 

atmospheric conditions, including temperature, humidity and pressure. 

Actually calculating the distance will be shown later on in this document.  

It should be noted that ultrasonic sensors have a cone of 

detection, the angle of this cone varies with distance, Figure 2 show this 

relation. The ability of a sensor to detect an object also depends on the 

objects orientation to the sensor. If an object doesn’t present a flat surface 

to the sensor then it is possible the sound wave will bounce off the object 

in a way that it does not return to the sensor.  

 

 

2. HC­SR04 Specifications  

The sensor chosen for the Firefighting Drone Project was the 

HC­SR04. This section contains the specifications and why they are 

important to the sensor module. The sensor modules requirements are as 

follows.  

● Cost  

● Weight  

● Community of hobbyists and support  

● Accuracy of object detection  

● Probability of working in a smoky environment  

● Ease of use  



The HC­SR04 Specifications are listed below. These 

specifications are from the  

Cytron Technologies HC­SR04 User’s Manual (source 1).   

  

● Power Supply: +5V DC  

● Quiescent Current: <2mA  

● Working current: 15mA  

● Effectual Angle: <15º  

● Ranging Distance: 2­400 cm  

● Resolution: 0.3 cm  

● Measuring Angle: 30º  

● Trigger Input Pulse width: 10uS  

● Dimension: 45mm x 20mm x 15mm  

● Weight: approx. 10 g  

  

The HC­SR04’s best selling point is its price; it can be 

purchased at around $2 per unit.  

 

3. Timing Chart and Pin Explanations  

The HC­SR04 has four pins, VCC, GND, TRIG and ECHO; 

these pins all have different functions. The VCC and GND pins are the 

simplest ­­ they power the HC­SR04. These pins need to be attached to a 

+5 volt source and ground respectively. There is a single control pin: the 

TRIG pin. The TRIG pin is responsible for sending the ultrasonic burst. 

This pin should be set to HIGH for 10 μs, at which point the HC­SR04 

will send out an eight cycle sonic burst at 40 kHZ. After a sonic burst has 

been sent the ECHO pin will go HIGH. The ECHO pin is the data pin ­­ 

it is used in taking distance measurements. After an ultrasonic burst is 

sent the pin will go HIGH, it will stay high until an ultrasonic burst is 

detected back, at which point it will go LOW.  



Taking Distance Measurements  

The HC­SR04 can be triggered to send out an ultrasonic burst by 

setting the TRIG pin to HIGH. Once the burst is sent the ECHO pin will 

automatically go HIGH. This pin will remain HIGH until the the burst 

hits the sensor again. You can calculate the distance to the object by 

keeping track of how long the ECHO pin stays HIGH. The time ECHO 

stays HIGH is the time the burst spent traveling.  Using this measurement 

in equation 1 along with the speed of sound will yield the distance 

travelled. A summary of this is listed below, along with a visual 

representation in Figure 2.  

1. Set TRIG to HIGH  

2. Set a timer when ECHO goes to HIGH  

3. Keep the timer running until ECHO goes to LOW  

4. Save that time  

5. Use equation 1 to determine the distance travelled  

  

 

 

 

 

 

Source 2  

To interpret the time reading into a distance you need to change 

equation 1. The clock on the device you are using will probably count in 

microseconds or smaller. To use equation 1 the speed of sound needs to 

determined,which is 343 meters per second at standard temperature and 

pressure. To convert this into more useful form use equation 2  

to change from meters per second to microseconds per 

centimeter. Then equation 3 can be used to easily compute the distance 

in centimeters.  



Equation 2. Distance = 17S0p.e1e5d m × M10e0t ecrms × 

117e06.1 μ5S m × 58.7c7m2 μS  

Equation 3. Distance = ti5m8e = μsμ/csm = cm  

 

4. Wiring the HC­SR04 to a Microcontroller  

This section only covers the hardware side.  For information on 

how to integrate the software side, look at one of the links below or look 

into the specific microcontroller you are using.  

 

The HC­SR04 has 4 pins: VCC, GND, TRIG and ECHO.   

1. VCC is a 5v power supply. This should come from the 

microcontroller  

2. GND is a ground pin. Attach to ground on the 

microcontroller.  

3. TRIG should be attached to a GPIO pin that can be set 

to HIGH  

4. ECHO is a little more difficult. The HC­SR04 outputs 5v, which 

could destroy many microcontroller GPIO pins (the maximum 

allowed voltage varies). In order to step down the voltage use a 

single resistor or a voltage divider circuit. Once again this 

depends on the specific microcontroller you are using, you will 

need to find out its GPIO maximum voltage and make sure you 

are below that.  

 

 

 



5. Errors and Bad Readings  

Ultrasonic sensors are great sensors ­­ they work well for many 

applications where other types of sensors fall short. Unfortunately, they 

do have weaknesses. These weaknesses can be mitigated and worked 

around, but first they must be understood. The first weakness is that they 

use sound. There is a limit to how fast ultrasonic sensors can get distance 

measurements. The longer the distance, the slower they are at reporting 

the distance. The second weakness comes from the way sound bounces 

off of objects. In enclosed spaces it is possible, if not probable that there 

will be unintended echos. The echos can very easily cause false short 

readings. In Figure 2 a pulse was sent out. It bounced off of object 1 and 

returned to the sensor.  

 

The distance was recorded and then a new pulse was sent. There 

was another object farther away, so that when the new pulse reaches 

object 1, the first signal will reach the sensor. This will cause the sensor 

to think that there is an object closer than is actually true. The old pulse 

is smaller than the new pulse because it has grown weaker. The longer 

the pulse exists the weaker it grows until it is negligible. If multiple 

sensors are being used, the number of echos will increase along with the 

number of errors. There are two main ways to reduce the number of 

errors. The first is to provide shielding around the sensor. This prevents 

echos coming in from angle outside what the sensor should actually pick 

up. The second is to reduce the frequency at which pulses are sent out. 

This gives more time for the echos to dissipate.   



 

B. Data Sheets Relay 

 

  

1. MAIN FEATURES  

ﾷ Switching capacity available 

by 10A in spite of small size 

design for highdensity P.C. 

board mounting technique.  

ﾷ UL,CUL,TUV recognized.  

ﾷ Selection of plastic material 

for high temperature and 

better chemical solution 

performance.  

ﾷ Sealed types available.  

ﾷ Simple relay magnetic circuit to 

meet low cost of mass production.   

 

 

2. APPLICATIONS  

 ﾷ Domestic appliance, office machine, audio, equipment, automobile, etc.  

 ( Remote control TV receiver, monitor display, audio equipment 
high rushing current use application.)  

 

3. ORDERING INFORMATION  

SRD  XX VDC  S  L  C  

Mod

el of 

relay  Nominal coil voltage  

Structur

e  Coil     

Conta

ct 

form  

  

SRD  
  

03ƣ05ƣ06ƣ09ƣ12ƣ24ƣ48

VDC  

  

 S:Sealed 

 type  

  

L:0.36

W  

A:1 

form A  

B:1 

form B  

F:Flux 

free 

type  

D:0.45

W  

C:1 

form C  



 

 

4. RATING   

CCC  FILE 

NUMBER:CQC03001003729  

7A/240VDC  

CCC  FILE 

NUMBER:CQC03001003731  

10A/250VDC  

UL /CUL  FILE NUMBER: E167996  10A/125VAC 

28VDC  

TUV  FILE NUMBER: R50056114  10A/250VAC 30VDC  

5. DIMENSION(unit:mm)  DRILLING(unit:mm)  WIRING 

DIAGRAM  

  

 
  

 

 

 

 

 

  6. COIL DATA CHART (AT20  Cö  )  

 
 

 



 

C. Data Sheets NodeMCU ESP8266 

NodeMCU is an open-source Lua based firmware and development 

board specially targeted for IoT based Applications. It includes 

firmware that runs on the ESP8266 Wi-Fi SoC from Espressif Systems, 

and hardware which is based on the ESP-12 module. 

  

1. NodeMCU Development Board Pinout Configuration 

Pin 

Category 

Name Description 

Power Micro-

USB, 3.3V, 

GND, Vin 

Micro-USB: NodeMCU can be 

powered through the USB port 

  

3.3V: Regulated 3.3V can be supplied to 

this pin to power the board 

  

GND: Ground pins 

  

Vin: External Power Supply 

Control 

Pins 

EN, RST The pin and the button resets the 

microcontroller 

Analog 

Pin 

A0 Used to measure analog voltage in the 

range of 0-3.3V 

GPIO 

Pins 

GPIO1 to 

GPIO16 

NodeMCU has 16 general purpose 

input-output pins on its board 



 

SPI Pins SD1, CMD, 

SD0, CLK 

NodeMCU has four pins available for 

SPI communication. 

UART 

Pins 

TXD0, 

RXD0, 

TXD2, 

RXD2 

NodeMCU has two UART interfaces, 

UART0 (RXD0 & TXD0) and UART1 

(RXD1 & TXD1). UART1 is used to 

upload the firmware/program. 

I2C Pins   NodeMCU has I2C functionality support 

but due to the internal functionality of 

these pins, you have to find which pin is 

I2C. 

  

2. NodeMCU ESP8266 Specifications & Features 

• Microcontroller: Tensilica 32-bit RISC CPU Xtensa LX106 

• Operating Voltage: 3.3V 

• Input Voltage: 7-12V 

• Digital I/O Pins (DIO): 16 

• Analog Input Pins (ADC): 1 

• UARTs: 1 

• SPIs: 1 

• I2Cs: 1 

• Flash Memory: 4 MB 

• SRAM: 64 KB 

• Clock Speed: 80 MHz 

• USB-TTL based on CP2102 is included onboard, Enabling 

Plug n Play 

• PCB Antenna 

• Small Sized module to fit smartly inside your IoT projects 

  

Note: Complete technical information can be found in the NodeMCU 

ESP8266 Datasheet, linked at the bottom of this page. 

  



 

Other Espressif Boards 

ESP8266, ESP12E, ESP32 

  

Other Development Boards 

Arduino, Raspberry Pi, PIC Development Board, AVR Development 

Board, MSP430 Launchpad, Intel Edison, Beagle Bone 

  

3. Brief About NodeMCU ESP8266 

The NodeMCU ESP8266 development board comes with the ESP-

12E module containing the ESP8266 chip having Tensilica Xtensa 32-

bit LX106 RISC microprocessor. This microprocessor supports RTOS 

and operates at 80MHz to 160 MHz adjustable clock frequency. 

NodeMCU has 128 KB RAM and 4MB of Flash memory to store data 

and programs. Its high processing power with in-built Wi-Fi / Bluetooth 

and Deep Sleep Operating features make it ideal for IoT projects. 

NodeMCU can be powered using a Micro USB jack and VIN pin 

(External Supply Pin). It supports UART, SPI, and I2C interface. 

  

  

 

 

 

 

https://components101.com/wireless/esp8266-pinout-configuration-features-datasheet
https://components101.com/wireless/esp12e-pinout-datasheet
https://components101.com/microcontrollers/esp32-devkitc
https://components101.com/microcontrollers/arduino-nano
https://components101.com/development-boards/raspberry-pi-pico-pinout-datasheet-specifications
https://components101.com/news/pic-microcontroller-development-board-cloud-iot-core
https://components101.com/news/avr-iot-wg-development-board-microchip-secure-easy-communication-google-cloud
https://components101.com/news/avr-iot-wg-development-board-microchip-secure-easy-communication-google-cloud
https://components101.com/microcontrollers/msp430-launchpad-pinout-datasheet
https://components101.com/microcontrollers/beaglebone-black-pinout-datasheet


 

4. Programming NodeMCU ESP8266 with Arduino IDE 

The NodeMCU Development Board can be easily programmed with 

Arduino IDE since it is easy to use. 

Programming NodeMCU with the Arduino IDE will hardly take 5-10 

minutes. All you need is the Arduino IDE, a USB cable and the 

NodeMCU board itself. You can check this Getting Started Tutorial for 

NodeMCU to prepare your Arduino IDE for NodeMCU. 

  

5. Uploading your first program 

Once Arduino IDE is installed on the computer, connect the board with 

the computer using the USB cable. Now open the Arduino IDE and 

choose the correct board by 

selecting Tools>Boards>NodeMCU1.0 (ESP-12E Module), and 

choose the correct Port by selecting Tools>Port. To get it started with 

the NodeMCU board and blink the built-in LED, load the example code 

by selecting Files>Examples>Basics>Blink. Once the example code is 

loaded into your IDE, click on the ‘upload’ button given on the top bar. 

Once the upload is finished, you should see the built-in LED of the board 

blinking. 

  

6. Applications  

• Prototyping of IoT devices 

• Low power battery operated applications 

• Network projects 

• Projects requiring multiple I/O interfaces with Wi-Fi and 

Bluetooth functionalities 

 

https://circuitdigest.com/microcontroller-projects/getting-started-with-nodemcu-esp12
https://circuitdigest.com/microcontroller-projects/getting-started-with-nodemcu-esp12

